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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant : Patrick Lopez, Vincent Demoulin, Renaud Dore, Gilles Straub 
Filed : Herewith 

For : METHOD FOR SYNCHRONIZING A LOCAL CLOCK ON 

A CORDLESS COMMUNICATION NETWORK CLOCK 
(as per the Preliminary Amendment) 

PRELIMINARY AMENDMENT 

Hon. Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Sir: 

In the US national phase application of PCT/FR99/02599 filed 
herewith, please enter the following amendments: 

IN THE TITLE: 

Page 1, lines 1-2, delete the current title and insert the new title as 
follows: -- METHOD FOR SYNCHRONIZING A LOCAL CLOCK ON A 
CORDLESS COMMUNICATION NETWORK CLOCK - 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

On Page 1, insert the following paragraph immediately following the 

title: 
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~ This application claims the benefit of French application serial no. 
9813939 filed November 5, 1998, which is hereby incorporated herein by reference, 
and which claims the benefit under 35 U.S.C. § 365 of International Application 
PCT/FR99/02599, filed October 5, 1999, which was published in accordance with 
PCT Article 21(2) on May 18, 2000 in French.- 

IN THE CLAIMS: 

Please amend the claims as follows: A marked up version of the 
amended claims is attached herewith: 

1. (AMENDED) A method for synchronizing a local clock of a piece of apparatus to 
a clock of a wireless communications network to which said apparatus is linked, 
wherein, with the frames being transmitted according to a TDMA-type mode, said 
method includes the following stages: 

- a stage of determining the timing-phase shift between the network clock 
which is received on a receiving channel and the local clock of the apparatus, 

- a stage of correcting the local clock of the apparatus on the receiving 
channel as a function of said phase shift determined, via a first correction of the 
integer part of the phase shift in the time domain and a second correction of the 
fractional part for recovery of the residual phase shift. 

2. (AMENDED) The method according to Claim 1, wherein, one check window per 
frame being assigned to each sending apparatus of the wireless network, the 
determination stage includes a stage of detecting a non- varying pattern present at the 
start of each check window assigned to a piece of apparatus which is the sender of the 
network clock, said pattern making it possible to supply the instant corresponding to 
the clock pulse of the network, 

3. (AMENDED) The method according to Claim 2, wherein the detection stage is 
carried out by correlation between the network-clock pulse and that of the local clock 
of the apparatus. 
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4. (AMENDED) The method according to Claim 1, wherein the determination stage 
includes a stage of slaving of the network-clock pulse. 

5. (AMENDED) The method according to Claim 1, wherein said correction of the 
integer part is achieved by phase-shifting of the local-clock pulse to a sub-multiple of 
the sampling period of the apparatus. 

6. (AMENDED) The method according to Claim 1, wherein said second correction of 
the fractional part is achieved in the frequency domain by rotation of vectors 
expressing the samples received. 

7. (AMENDED) The method according to Claim 1, wherein said stage of determining 
the timing-phase shift is employed for a third integer-part correction of said phase 
shift and a fourth fractional-part correction to be carried out on the local clock sent on 
a sending channel. 

8. (AMENDED) The method according to Claim 7, wherein said fourth correction is 
carried out in the frequency domain by interpolation of the vectors expressing the 
samples sent. 

9. (AMENDED) The method according to Claim 7, wherein the fractional-part 
corrections are carried out in the time domain by interpolation. 

10. (AMENDED) The method according to Claim 7, wherein the phase shift 
introduced on the sending channel is greater than that introduced on the receiving 
channel. 

1 1. (AMENDED) A synchronization device suitable for implementing the method 
according to Claim 1, for synchronizing a local clock of a piece of apparatus to the 
clock of a wireless communications network to which said apparatus is linked, 
wherein, with the frames being transmitted according to a TDMA-type mode, said 
device includes: 

- means for determining the timing-phase shift between the network clock 
received on a receiving channel and the local clock of the apparatus, 
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- a first set of means for correcting the apparatus 1 local clock on the receiving 
channel as a function of said phase shift determined, comprising first means for 
correcting the integer part of the phase shift in the time domain and second means for 
correcting the fractional part of the phase shift able to recover the residual phase shift. 

12. (AMENDED) The device according to Claim 11, wherein said determination 
means comprise a correlator intended for supplying the clock pulse of the network to 
within a sub-multiple of the sampling period of the device, and a local-clock slaving 
unit or locking the local clock to the network clock. 

13. (AMENDED) The device according to Claim 1 1, wherein said first set of 
correction means comprises: 

- a first unit for timing-phase shifting to the receiving channel for phase- 
shifting the local-clock pulse by a delay corresponding to the integer part of said 
phase shift determined, 

- a first processing unit for the phase-shifting corresponding to the fractional 
part determined on the receiving channel. 

14. (AMENDED) The device according to Claim 11, wherein said synchronization 
device comprises a second set of means for correcting the local clock of the apparatus 
on a sending channel as a function of said phase shift determined, comprising third 
means or correcting the integer part of the phase shift in the time domain and fourth 
means for correcting the fractional part able to recover the residual phase shift. 

15. (AMENDED) The device according to Claim 14, wherein said second set of 
correction means comprises: 

- a second unit for phase-shifting on the sending channel for phase-shifting the 
local-clock pulse by a delay corresponding to the integer part of said phase shift 
determined, 

- a second processing unit for the phase-shifting corresponding to the 
fractional part determined on the receiving channel. 
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16. (AMENDED) The device according to Claim 15, wherein said first and second 
processing units respectively include a unit for calculating the Fourier transform, a 
unit for calculating the inverse Fourier transform, each of the processing units 
including a phase shifter able to apply, in the frequency domain, a rotation of the 
vectors representing the samples of the frame. 

17. (AMENDED) The device according to Claim 15, wherein said first and second 
processing units respectively include an interpolator able to interpolate the phase shift 
corresponding to the fractional part determined and to delay the apparatus's clock by 
a calculated delay on the sending channel. 

IN THE ABSTRACT: 

Please add the following Abstract. 

- The invention relates to a method for synchronizing a local clock of 
a piece of apparatus to the clock of a wireless communications network to which said 
apparatus is connected, the network clock being sent by a reference apparatus and the 
frames being transmitted according to a TDMA-type mode. It is characterized by the 
following stages: 

- a stage of determining the timing-phase shift between the network clock 
which is received on a receiving channel and the local clock of the apparatus, 

- a stage of correcting the apparatus 1 local clock on the receiving channel as a 
function of said phase shift determined, via a first correction of the integer part of the 
phase shift in the time domain and a second correction, called correction of the 
fractional part, able to recover the additional phase shift not recovered by the first 
correction. Particular application in domestic wireless communications networks..-- 

REMARKS 

The title has been amended to conform with the translated title of the 
published application (WO 00/28401). 
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The specification has been amended to include a reference to the 



The claims have been amended to remove reference indicia and to 



meet the requirements of the United States Patent and Trademark Office. 



To meet the requirements of the United States, the Abstract (as 



originally filed in the PCT application) is added. 



No fee is believed to have been incurred by virtue of this amendment. 



However if a fee is incurred on the basis of this amendment, please charge such fee 
against deposit account 07-0832 



THOMSON multimedia Licensing Inc. 

Patent Operation 

PO Box 5312 

Princeton, NJ 08543-5312 



May 3, 2001 



priority applications. 



Respectfully submitted, 
Patrick Lopez 
Vincent Demoulin 



Renaud Dore 
Gilles Straub 




Paul P. Kiel 
Attorney for Applicant 
Registration No. 40,677 
609/734-9650 
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MARKED UP VERSION OF THE AMENDED CLAIMS 



1 .(AMENDED) A method for synchronizing a local clock of a piece of apparatus 
[(WL2, WL3)] to a clock of a wireless communications network [(50)] to which said 
apparatus [(WL2, WL3)] is linked, [characterized in that] wherein , with the frames 
being transmitted according to a TDMA-type mode, said method includes the 
following stages: 

- a stage of determining the timing-phase shift between the network clock 
which is received on a receiving channel [(8)] and the local clock of the apparatus 
[(WL2,WL3)], 

- a stage of correcting the local clock of the apparatus [(WL2, WL3)] on the 
receiving channel [(8)] as a function of said phase shift determined, via a first 
correction of the integer part of the phase shift in the time domain and a second 
correction of the fractional part for recovery of the residual phase shift. 

2. (AMENDED) The method according to Claim 1, [characterized in that] wherein , 
one check window per frame being assigned to each sending apparatus of the wireless 
network, the determination stage includes a stage of detecting a non-varying pattern 
present at the start of each check window assigned to a piece of apparatus [(WL1)] 
which is the sender of the network clock, said pattern making it possible to supply the 
instant corresponding to the clock pulse of the network. 

3. (AMENDED) The method according to Claim 2, [characterized in that] wherein 
the detection stage is carried out by correlation between the network-clock pulse and 
that of the local clock of the apparatus [(WL2, WL3)]. 

4. (AMENDED) The method according to [one of Claims 1 to 3, characterized in 
that] Claim L wherein the determination stage includes a stage of slaving of the 
network-clock pulse. 

5. (AMENDED) The method according to [one of Claims 1 to 4, characterized in 
that] Claim L wherein said correction of the integer part is achieved by phase-shifting 
of the local-clock pulse to a sub-multiple of the sampling period of the apparatus 
[(WL2, WL3)]. 
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6. (AMENDED) The method according to [one of Claims 1 to 5, characterized in 
that] Claim L wherein said second correction of the fractional part is achieved in the 
frequency domain by rotation of vectors expressing the samples received. 

7. (AMENDED) The method according to [one of Claims 1 to 6, characterized in 
that] Claim L wherein said stage of determining the timing-phase shift is employed 
for a third integer-part correction of said phase shift and a fourth fractional-part 
correction to be carried out on the local clock sent on a sending channel. 

8. (AMENDED) The method according to Claim 7, [characterized in that] wherein 
said fourth correction is carried out in the frequency domain by interpolation of the 
vectors expressing the samples sent. 

9. (AMENDED) The method according to [one of Claims 7 to 8, characterized in 
that] Claim 7, wherein the fractional-part corrections are carried out in the time 
domain by interpolation. 

10. (AMENDED) The method according to [one of Claims 7 to 9, characterized in 
that] Claim 7, wherein the phase shift introduced on the sending channel is greater 
than that introduced on the receiving channel. 

UNAMENDED) A synchronization device suitable for implementing the method 
according to [one of the preceding claims] Claim 1 , for synchronizing a local clock of 
a piece of apparatus [(WL2, WL3)] to the clock of a wireless communications 
network [(50)] to which said apparatus [(WL2, WL3)] is linked, [characterized in 
that] wherein , with the frames being transmitted according to a TDMA-type mode, 
said device includes: 

- means [(10; 12; 14; 13; 130)] for determining the timing-phase shift between 
the network clock received on a receiving channel [(8)] and the local clock of the 
apparatus [(WL2, WL3)], 

- a first set of means [(11; 15; 18; 21)] for correcting the apparatus' local clock 
on the receiving channel [(8)] as a function of said phase shift determined, 
comprising first means [(H)] for correcting the integer part of the phase shift in the 
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time domain and second means [(15; 18; 21)] for correcting the fractional part of the 
phase shift able to recover the residual phase shift. 

12. (AMENDED) The device according to Claim 11, [characterized in that] wherein 
said determination means [(10; 12; 14; 13; 130)] comprise a correlator [(10)] intended 
for supplying the clock pulse of the network [(50)] to within a sub-multiple of the 
sampling period of the device [(7)], and a local-clock slaving unit [(12; 14; 13)] for 
locking the local clock to the network clock. 

13. (AMENDED) The device according to [one of Claims 1 1 to 12, characterized in 
that] Claim 11, wherein said first set of correction means [(11; 15; 18; 21)] 
comprises: 

- a first unit [(H)] for timing-phase shifting to the receiving channel [(8)] for 
phase-shifting the local-clock pulse by a delay corresponding to the integer part of 
said phase shift determined, 

- a first processing unit [(15; 18; 21)] for the phase-shifting corresponding to 
the fractional part determined on the receiving channel [(8)]. 

14. (AMENDED) The device according to [one of Claims 1 1 to 13, characterized in 
that] Claim 1 L wherein said synchronization device comprises a second set of means 
[(1 1; 17; 19; 22)] for correcting the local clock of the apparatus [(WL2, WL3)] on a 
sending channel [(9)] as a function of said phase shift determined, comprising third 
means [(16)] for correcting the integer part of the phase shift in the time domain and 
fourth means [(17; 19; 22)] for correcting the fractional part able to recover the 
residual phase shift. 

15. (AMENDED) The device according to Claim 14, [characterized in that] wherein 
said second set of correction means [(11; 17; 19; 22)] comprises: 

- a second unit [(16)] for phase-shifting on the sending channel [(9)] for 
phase-shifting the local-clock pulse by a delay corresponding to the integer part of 
said phase shift determined, 

- a second processing unit [(17; 19; 22)] for the phase-shifting corresponding 
to the fractional part determined on the receiving channel [(9)]. 
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16. (AMENDED) The device according to Claim 15, [characterized in that] wherein 
said first [(15; 18; 21)] and second [(17; 19; 22)] processing units respectively 
include a unit [(18)] for calculating the Fourier transform, a unit [(19)] for calculating 
the inverse Fourier transform, each of the processing units [((15; 18; 21); (17; 19; 
22))] including a phase shifter [(15; 17)] able to apply, in the frequency domain, a 
rotation of the vectors representing the samples of the frame. 

17. (AMENDED) The device according to Claim 15, [characterized in that] wherein 
said first [(15; 18; 21)] and second [(17; 19; 22)] processing units respectively 
include an interpolator [(21; 22)] able to interpolate the phase shift corresponding to 
the fractional part determined and to delay the apparatus's clock by a calculated delay 
on the sending channel [(9)]. 
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METHOD AND DEVICE FOR SY NCHRONIZING A LOCAL CLOCK TO 
"^ XHIjL CLOCK OF A WIRELESS COMMUNICATIONS NETWORK 



The invention relates to a method for 
5 synchronizing a local clock of a piece of apparatus to 
the clock of a wireless communications network to which 
said apparatus is linked. It also relates to a 
synchronization device able to function according to 
said method in such a network i 

10 The invention applies especially in the context 

of a wireless domestic communications network. 

In a bus of the IEEE 1394 type, described in 
the IEEE standard 13 94-1995, each item of apparatus 
("node" according to the IEEE 1394 terminology) linked 

15 to the bus stamps the packets which it sends with time 
information indicating the instant at which the packet 
should be reconstituted by the receiving apparatus. 

Each item of apparatus (or "node") linked to 
the bus includes a 3 2 -bit clock register, incremented 

20 at the clock frequency of the bus, namely 24.576 MHz. 
This register (called "Cycle Time Register" according 
to the terminology of the IEEE 1394-1995 standard) is 
divided into three ranges (the 12 lowest -order bits, 
the 13 intermediate-order bits and the 7 highest-order 

25 bits) , which are thus incremented respectively at 
frequencies of 24.576 MHz, 8 kHz and 1 kHz. 

When items of apparatus are present which are 
capable of participating in isochronous traffic, and in 
order to achieve synchronization of this apparatus, one 

3 0 of them is elected "cycle master node" or "cycle master 
apparatus" ("Cycle Master" according to the IEEE 13 94 
terminology) . The cycle master apparatus generates an 
isochronous -frame packet or "cycle-start packet", in 
IEEE 13 94 terminology, every 125 \jls , which corresponds 

35 to a frequency of 8 kHz. This packet includes the value 
of the 32 -bit clock register of the cycle-master 
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apparatus at the instant of sending. It is then 
arranged for an apparatus receiving the packet to slave 
its own 32 -bit register to the values received from the 
cycle-master apparatus. 
5 The IEEE document 1394-1995 mentioned above 

relates to the architecture of the serial bus. An 
additional standard, relating to the interconnecting of 
several buses by way of what are generally called 
"bridges" , is in the course of preparation. The latest 
10 version of this draft currently available from the IEEE 
bears the reference P1394.1 Draft 0.03, and the date of 
18 October 1997. 

When several buses are interconnected by means 
of a wireless bridge, it is vital to transmit the 
15 isochronous data with the same clock signal for all the 
apparatus of the network. The items of apparatus 
allowing the buses to be linked via a wireless network 
« will from now on be called "portals", according to the 

3 terminology adopted by the document P13 94.1. With the 

3 2 0 aim of synchronizing the network as a whole, one of the 
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items of apparatus connected to one of the buses is 
elected "network cycle-master apparatus" ("net cycle 
master" according to the IEEE 13 94 terminology) . The 
portal which is the network cycle master, or the portal 

2 5 connected to the bus to which the network cycle master 

is connected, is designated by the name of "cycle 
server", according to the IEEE 1394 terminology. It is 
the cycle server which is tasked with transmitting, to 
the other portals, the clock originating from the 

3 0 network cycle master. The cycle-master apparatus of the 

other buses thus set themselves to the clock received 
from their portal. 

However, the local clocks of the portals have 
to be able to be synchronized correctly to the cycle- 
35 server clock. 
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The object of the invention is to propose a 
solution making it possible to meet this requirement. 

To that end, the object of the invention is a 
method for synchronizing a local clock of a piece of 
5 apparatus to a clock of a wireless communications 
network to which said apparatus is linked, 
characterized in that, with the frames being 
transmitted according to a TDMA- type mode, said method 
includes the following stages: 
10 - a stage of determining the timing-phase shift 

between the network clock which is received on a 
receiving channel and the local clock of the apparatus, 

- a stage of correcting the local clock of the 
apparatus on the receiving channel as a function of 
15 said phase shift determined, via a first correction of 
the integer part of the phase shift in the time domain 
and a second correction of the fractional part for 
111 recovery of the residual phase shift. 

I, Thus, with the network clock having been 

R2 2 0 recovered correctly, the sampling of the received 

signal is carried out with the correct phase, which 
will allow reception between samples without 
disturbances . 

According to one embodiment, a check window 
25 being a predetermined time interval the start of which 
is defined relatively with respect to the start of the 
frame sent, one check window per frame being assigned 
to each sending apparatus, the determination stage 
includes a stage of detecting a non-varying pattern 
30 present at the start of each check window assigned to a 
piece of apparatus which is the sender of the network 
clock, said pattern making it possible to supply the 
instant corresponding to the clock pulse of the 
network. 

3 5 According to one embodiment, the detection 

stage is carried out by correlation between the 
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network-clock pulse and that of the local clock of the 
apparatus. In this way, the repeated appearance of the 
pattern in the received frames makes it possible to be 
precise in recognizing the exact instant of the start 
5 of the check window dedicated to the reference 
apparatus . The maximum of the correlation carried out 
at a multiple of the local -clock sampling frequency- 
supplies the instant of the start of the reference- 
apparatus's check window with a precision equal to a 

10 sub-multiple of the local-clock sampling period. 

When connectivity is incomplete (that is to say 
when no direct link exists between at least two 
portals) , the check information nevertheless having to 
be propagated throughout the wireless network, said 

15 method includes, on a sending channel, a stage of 
transmitting the network clock determined on the 
receiving channel. Thus, said method makes it possible 
to propagate the network clock and to transmit it, for 
example, to a piece of apparatus of the wireless 

2 0 network not in a direct link with the cycle server. 

According to one embodiment, the determination 
stage includes a stage of slaving of the network-clock 
pulse ♦ 

According to one embodiment, said correction of 
25 the integer part is achieved by phase- shifting of the 
local-clock pulse to a sub-multiple of the sampling 
period of the apparatus . 

According to one embodiment, said second 
correction of the fractional part is achieved in the 

3 0 frequency domain by rotation of vectors expressing the 

samples received. 

According to one embodiment, said stage of 
determining the timing-phase shift is employed for a 
third integer-part correction of said phase shift and a 
35 fourth fractional-part correction to be carried out on 
the local clock sent on a sending channel. 



According to one embodiment, said fourth 
correction is carried out in the frequency domain by- 
interpolation of the vectors expressing the samples 
sent . 

According to one embodiment, the fractional- 
part corrections are carried out in the time domain by 
interpolation . 

According to one embodiment, the phase shift 
introduced on the sending channel is greater than that 
introduced on the receiving channel, so as to take 
account, during the sending of frames, of the 
processing time due to the coding, to the addressing of 
the constellation, modulation of the symbols, and with 
a view to anticipating this processing time when 
establishing the clock to be sent. 

A further object of the invention is a 
synchronization device suitable for implementing the 
method according to one of the preceding claims for 
synchronizing a local clock of a piece of apparatus to 
the clock of a wireless communications network to which 
said apparatus is linked, characterized in that, with 
the frames being transmitted according to a TDMA- type 
mode, said device includes: 

- means for determining the timing-phase shift 
between the network clock received on a receiving 
channel and the local clock of the apparatus, 

a first set of means for correcting the 
apparatus 1 s local clock on the receiving channel as a 
function of said phase shift determined, comprising 
first means for correcting the integer part of the 
phase shift in the time domain and second means for 
correcting the fractional part of the phase shift able 
to recover the residual phase shift. 

According to one embodiment, said determination 
means comprise a correlator intended for supplying the 
network-clock pulse to within a sub-multiple of the 
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sampling period of the device, and a local -clock 
slaving unit for locking the local clock to the network 
clock. 

According to one embodiment , said first set of 
5 correction means comprises: 

- a first unit for timing-phase shifting to the 
receiving channel for phase- shifting the local -clock 
pulse by a delay corresponding to the integer part of 
said phase shift determined, 
10 - a first processing unit for the 

phase-shifting corresponding to the fractional part 
determined on the receiving channel . 

According to one embodiment , said 

synchronization device comprises a second set of means 
15 for correcting the local clock of the apparatus on a 
sending channel as a function of said phase shift 
determined, comprising third means for correcting the 
integer part of the phase shift in the time domain and 
fourth means for correcting the fractional part able to 
20 recover the residual phase shift. 

According to one embodiment, said second set of 
correction means comprises: 

a second unit for phase- shifting on the 
sending channel for phase-shifting the local -clock 
25 pulse by a delay corresponding to the integer part of 
said phase shift determined, 

a second processing unit for the 
phase- shifting corresponding to the fractional part 
determined on the receiving channel . 
3 0 According to one embodiment, said first and 

second processing units respectively include a unit for 
calculating the Fourier transform, a unit for 
calculating the inverse Fourier transform, each of the 
processing units including a phase shifter able to 
35 apply, in the frequency domain, a rotation of the 
vectors representing the samples of the frame. 
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According to one embodiment, said first and 
second processing units respectively include an 
interpolator able to interpolate the phase shift 
corresponding to the fractional part determined and to 
5 delay the apparatus 1 clock by a calculated delay on the 
sending channel . 

Other characteristics and advantages of the 
present invention will emerge from the description of 
the embodiment example which will follow, taken by way 
10 of non-limiting example, by reference to the attached 
figures, in which: 

- Figure 1 represents a diagram representing 
three IEEE 1394 buses linked by a bridge consisting of 
three portals communicating with each other by wireless 

15 transmission, 

- Figure 2 represents a synchronization device 
according to one embodiment of the invention, 

- Figure 3 represents a synchronization device 
according to a variant of the invention. 

2 0 In order to simplify the description, the same 

references will be used to designate the elements 
fulfilling identical functions. 

Although the embodiment example relates to IEEE 
13 94 buses and an associated wireless network, and 
25 although the description uses certain terms arising 
from the terminology associated with this type of bus, 
the invention is not limited to an IEEE 13 94 bus and 
can be applied in other environments. 

Figure 1 represents a network consisting of 

3 0 three IEEE 13 94 -type buses, referenced 1, 2 and 3, 

interconnected by a wireless network 50 to which the 
buses are linked respectively by apparatus known, 
according to the terminology adopted by the document 
P13 94.1, as "portals", WL1, WL2 and WL3 . The portals 
35 communicate with each other by wireless transmission, 
at radio- frequencies in the present instance. It will 



1 



13 

in 
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be considered that the connecting of the portals 
constitutes what will be called from now on a wireless 
"bridge" , interconnecting the buses. 

These portals WL1, WL2, WL3 are each also 
5 members respectively of the buses 1, 2, 3, and thus 
constitute nodes in the sense of the IEEE 1394 standard 
in the same way as other items of apparatus 5, 6 
connected to the buses. With the aim of synchronizing 
the network as a whole, the apparatus 4 connected to 
10 the bus 1 is elected "network-cycle master apparatus" 
("net cycle master" according to the IEEE 1394 
terminology) . It should be noted that this concept is 
wider than that of the "cycle master" which is limited 
to one bus. The network-cycle master apparatus 4, which 
15 can also be one of the portals, is designated by the 
m "bridge manager" , according to the IEEE 1394 

]J terminology, from among the cycle-master apparatus of 

lfj the various buses . 

The portal WL1, being the portal connected to 
H 2 0 the bus to which the network- cycle master apparatus 4 

■ ■^ is connected, is designated by the name of "cycle 

13 server", according to the IEEE 1394 terminology. In 

this instance, the apparatus WL1 is the cycle server. 
It is the cycle server WL1 which is tasked with 

2 5 transmitting, to the other portal apparatus WL2, WL3, 

the clock originating from the network- cycle master 
apparatus 4. The cycle-master apparatus of the other 
buses 2, 3 will be set to the clock received from their 
respective portal apparatus WL2 , WL3 . 

3 0 The wireless network uses a mechanism of the 

TDMA type (standing for "Time Division Multiple 
Access") for access to the wireless transmission 
channel, a TDMA frame being subdivided into windows 
during which the various apparatus can transmit . A 
3 5 check window is a predetermined time interval, the 
start of which is defined relatively with respect to 
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the start of the frame, one check window per frame 
being assigned to each portal apparatus of the wireless 
network capable of sending. 

The portal apparatus WL1 sends the network 
5 clock onto the wireless network, and it is received 
within the apparatus WL2, WL3 . For greater clarity, 
attention will be limited, from now on, to an 
explanation of the synchronization of the apparatus 5 
to the clock. Needless to say, this explanation can be 

10 extended to any other apparatus of the wireless 
network. In the particular case in which a piece of 
apparatus, not represented, of the wireless network is 
in a state of incomplete connectivity with the 
apparatus WL1, that is to say when the apparatus does 

15 not have a direct link to the apparatus WL1, it will be 
considered that the apparatus is synchronized to the 
clock of an apparatus with which it is in a direct link 
and which is able to transport the network clock. 

Figure 2 represents a synchronization device 7 

2 0 included in the apparatus WL2 according to a first 

embodiment of the invention. This device 7 includes two 
channels 8, 9 respectively for receiving and sending 
linked to the wireless network 50. The device 7 
includes, on its receiving channel 8 receiving the TDMA 
25 frames, a phase correlator 10 in parallel with a first 
phase- shifting unit 11 including a delay line which is 
known in itself and is able to apply a variable delay 
to the instant of sampling of the local clock. The 
operation of this circuit will be explained below. The 

3 0 output of the correlator 10 is linked to the input of a 

phase estimator 12 another input of which is linked to 
the output of a first integrator 13 able to accumulate 
the phase shift of the local clock with the network 
clock which is received on the receiving channel. The 
35 output of the phase estimator 12 is connected to the 
input of a loop filter 14 the output of which delivers 



the phase error to the phase integrator 13 and to a 
second phase integrator 13 0. On the receiving channel, 
the integrator 13 controls one input of the phase- 
shifting unit 11 and of a phase shifter 15 while, on 
the sending channel, the integrator 13 0 controls one 
input of a second phase- shifting unit 16 and of a phase 
shifter 17. An output of the phase-shifting unit 11 is 
linked to a Fourier- transform calculating unit 18 
delivering samples in the frequency domain to the phase 
shifter 16. The output of the phase shifter 16, which 
is the output of the device 7, is, for its part, 
linked, for example, to a constellation decoding unit 
(or "Constellation Demapping Block") which drives a 
Viterbi decoder, these items not being represented. 

The device 7 includes, at the input to its 
sending channel 9, the phase shifter 17 controlled by 
the integrator 13 0 the output of which is linked to an 
inverse Fourier- transform calculating unit 19 able to 
transmit the samples in the time domain. These samples 
are then delivered to the phase- shifting unit 16 . The 
input of the device 7, on the sending- channel side, is 
linked, for example, to a constellation-addressing 
circuit followed by a coding circuit, which are not 
represented. The integrator 13 controls the phase 
shifter 17 and the second phase-shifting unit 16. The 
output of the latter is the output of the device 7 
which sends out a clock synchronized with that of the 
network, as explained below. 

According to the embodiment represented in 
Figure 2, the apparatus WL1 , in acquisition phase (that 
is to say after restarting of the network, for example) 
as well as in steady-state conditions, sends the 
preamble P which is known to all the items of apparatus 
of the wireless network, at the start of the check 
window which is dedicated to it. According to one 
variant, in order to save energy, the preamble is sent 
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out only periodically once every q check windows, with 
q a positive integer. The device 7 detects the presence 
of this known preamble P by a conventional correlation 
operation thanks to the correlator 10. The maximum of 
5 the correlation is performed at a multiple of the 
sampling frequency of the device 7, supplying the start 
instant of the check window of the apparatus WL1 with a 
precision equal to a sub-multiple of the sampling 
period of the device 7. In fact, the correlator 10 

10 sends a signal lying between 0 and 1 the maximum value 
of which corresponds to the detection of the preamble 
P. The phase estimator 12 receives this latter signal 
and compares it with the output signal from the 
integrator 13. Thus, the phase estimator 12 delivers a 

15 DC voltage which is a function of the phase difference 
between the two signals applied to its input. The loop 
filter 14 lets this voltage through and delivers it to 
the first and second integrators 13 , 13 0. In that way, 
as long as the correlator 10 has not detected the 

2 0 preamble P at the start of the check window, the 

integrator 13 is incremented until the instant of 
latching onto the network clock. The latching time may, 
needless to say, be enhanced as a function of the gain 
of the loop filter 14. 
25 Once the timing-phase shift between the network 

clock and the clock of the device 7 has been recorded 
by the integrator 13, the latter causes the phase- 
shifting unit 11 to phase- shift the local clock by a 
value equivalent to the integer part of the phase shift 

3 0 recorded. For example, if the local clock has been 

determined as having a delay of 8.3 bits relative to 
the network clock, the integrators 13, 130 respectively 
cause a timing-phase shift of 8 bits by the phase- 
shifting circuits 11, 16. The residual sampling phase 
35 difference, of 0.3 bits, is then less than a sub- 
multiple of the sampling period in question. The 
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samples arriving according to a timing logic are then 
applied to the Fourier -trans form calculating unit 18 
which transposes them into the frequency plane. 
However, it is well known that a difference in timing 
phase in the time domain is expressed by a rotation of 
vectors (I, Q) obtained at the output of the unit 18. 
The fine correction of the sampling phase then consists 
in applying an inverse linear rotation of the output 
vectors from the unit 18, the slope of this linear 
phase being supplied by the fractional part calculated 
by the integrator 13 . 

When the device 7 has to send, in its turn, it 
uses the phase-shift information obtained by the 
integrator 13 0 and uses the principle seen above for 
setting on the receiving channel with a view to sending 
of the clock. The vectors in the frequency domain at 
the input undergo a correction by a linear phase shift 
corresponding to the fractional part of the phase shift 
measured by the integrator 13 0, and the output samples 
from the unit 19 undergo a phase shift, in the time 
domain, corresponding to the integer part of the 
correction to be applied to the local clock. It will be 
noted that the phase shift introduced onto the sending 
channel is greater than that introduced onto the 
receiving channel so as to take account of the 
processing time necessary for sending the frames. 

This solution of making use of the frequency 
domain for the fine correction of the phase shift is 
advantageous when various disturbances, such as 
multiple echoes, may upset the propagation of the 
waves, in which case it is preferable to use multi- 
carrier modulation of the OFDM type. 

Figure 3 represents a synchronization device 20 
according to one variant of the device 7 . In this 
variant, on the receiving channel 8, the unit 18 and 
the phase shifter 15 are replaced by an interpolator 



able to carry out the correction of the fractional part 
by interpolation in the time domain. In a parallel 
manner, on the sending channel, the unit 19 and the 
phase shifter 17 are replaced by an interpolator 22 
also able to carry out the correction of the fractional 
part by interpolation in the time domain. 
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1. a method for synchronizing a local clock of a 
piece of apparatus (WL2, WL3) to a clock of a wireless 
communications network (50) to which said apparatus 
(WL2, WL3) is linked, characterized in that, with the 
frames being transmitted according to a TDMA- type mode, 
said method includes the following stages: 

- a stage of determining the timing-phase shift 
between the network clock which is received on a 
receiving channel (8) and the local clock of the 
apparatus (WL2 , WL3 ) , 

- a stage of correcting the local clock of the 
apparatus (WL2, WL3) on the receiving channel (8) as a 
function of said phase shift determined, via a first 
correction of the integer part of the phase shift in 
the time domain and a second correction of the 
fractional part for recovery of the residual phase 
shift. 

2. The method according to Claim 1, characterized 
in that , one check window per frame being assigned to 
each sending apparatus of the wireless network, the 
determination stage includes a stage of detecting a 
non-varying pattern present at the start of each check 
window assigned to a piece of apparatus (WL1) which is 
the sender of the network clock, said pattern making it 
possible to supply the instant corresponding to the 
clock pulse of the network. 

3. The method according to Claim 2, characterized 
in that the detection stage is carried out by 
correlation between the network-clock pulse and that of 
the local clock of the apparatus (WL2, WL3 ) . 

4 . The method according to one of Claims 1 to 3 , 
characterized in that the determination stage includes 
a stage of slaving of the network-clock pulse. 
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5 . The method according to one of Claims 1 to 4 , 
characterized in that said correction of the integer 
part is achieved by phase-shifting of the local-clock 
pulse to a sub-multiple of the sampling period of the 

5 apparatus (WL2 , WL3) . 

6 . The method according to one of Claims 1 to 5 , 
characterized in that said second correction of the 
fractional part is achieved in the frequency domain by 
rotation of vectors expressing the samples received. 

10 7. The method according to one of Claims 1 to 6, 

characterized in that said stage of determining the 
timing-phase shift is employed for a third integer-part 
correction of said phase shift and a fourth fractional- 
part correction to be carried out on the local clock 

15 sent on a sending channel . 

8. The method according to Claim 7, characterized 

in that said fourth correction is carried out in the 
frequency domain by interpolation of the vectors 
expressing the samples sent. 

2 0 9. The method according to one of Claims 7 to 8 , 

characterized in that the fractional -part corrections 
are carried out in the time domain by interpolation. 

10. The method according to one of Claims 7 to 9, 
characterized in that the phase shift introduced on the 

25 sending channel is greater than that introduced on the 
receiving channel . 

11. A synchronization device suitable for 
implementing the method according to one of the 
preceding claims for synchronizing a local clock of a 

3 0 piece of apparatus (WL2, WL3) to the clock of a 

wireless communications network (50) to which said 
apparatus (WL2 , WL3) is linked, characterized in that, 
with the frames being transmitted according to a TDMA- 
type mode, said device includes: 
35 - means (10; 12; 14; 13; 13 0) for determining 

the timing-phase shift between the network clock 



received on a receiving channel (8) and the local clock 
of the apparatus (WL2, WL3) , 

- a first set of means (11; 15; 18; 21) for 
correcting the apparatus' local clock on the receiving 
channel (8) as a function of said phase shift 
determined, comprising first means (11) for correcting 
the integer part of the phase shift in the time domain 
and second means (15; 18; 21) for correcting the 
fractional part of the phase shift able to recover the 
residual phase shift, 

12. The device according to Claim 11, characterized 
in that said determination means (10; 12; 14; 13; 130) 
comprise a correlator (10) intended for supplying the 
clock pulse of the network (50) to within a sub- 
multiple of the sampling period of the device (7) , and 
a local -clock slaving unit (12; 14; 13) for locking the 
local clock to the network clock. 

13. The device according to one of Claims 11 to 12, 
characterized in that said first set of correction 
means (11; 15; 18; 21) comprises: 

- a first unit (11) for timing-phase shifting 
to the receiving channel (8) for phase-shifting the 
local -clock pulse by a delay corresponding to the 
integer part of said phase shift determined, 

- a first processing unit (15; 18; 21) for the 
phase- shifting corresponding to the fractional part 
determined on the receiving channel (8) . 

14. The device according to one of Claims 11 to 13, 
characterized in that said synchronization device 
comprises a second set of means (11; 17; 19; 22) for 
correcting the local clock of the apparatus (WL2, WL3) 
on a sending channel (9) as a function of said phase 
shift determined, comprising third means (16) for 
correcting the integer part of the phase shift in the 
time domain and fourth means (17; 19; 22) for 
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correcting the fractional part able to recover the 
residual phase shift. 

15. The device according to Claim 14, characterized 
in that said second set of correction means (11; 17; 
19; 22) comprises: 

- a second unit (16) for phase- shifting on the 
sending channel (9) for phase-shifting the local-clock 
pulse by a delay corresponding to the integer part of 
said phase shift determined, 

- a second processing unit (17; 19; 22) for the 
phase-shifting corresponding to the fractional part 
determined on the receiving channel (9) . 

16. The device according to Claim 15, characterized 
in that said first (15; 18; 21) and second (17; 19; 22) 
processing units respectively include a unit (18) for 
calculating the Fourier transform, a unit (19) for 
calculating the inverse Fourier transform, each of the 
processing units ((15; 18; 21); (17; 19; 22)) including 
a phase shifter (15; 17) able to apply, in the 
frequency domain, a rotation of the vectors 
representing the samples of the frame. 

17. The device according to Claim 15, characterized 
in that said first (15; 18; 21) and second (17; 19; 22) 
processing units respectively include an interpolator 

(21; 22) able to interpolate the phase shift 
corresponding to the fractional part determined and to 
delay the apparatus 1 s clock by a calculated delay on 
the sending channel (9) . 



ABSTRACT 



The invention relates to a method for 
synchronizing a local clock of a piece of apparatus to 
the clock of a wireless communications network to which 
said apparatus is connected, the network clock being 
sent by a reference apparatus and the frames being 
transmitted according to a TDMA- type mode. It is 
characterized by the following stages: 

- a stage of determining the timing-phase shift 
between the network clock which is received on a 
receiving channel and the local clock of the apparatus, 

- a stage of correcting the apparatus 1 local 
clock on the receiving channel as a function of said 
phase shift determined, via a first correction of the 
integer part of the phase shift in the time domain and 
a second correction, called correction of the 
fractional part, able to recover the additional phase 
shift not recovered by the first correction. 

Particular application in domestic wireless 
communications networks. 
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